• This paper presents a rare anatomical variant of the great cardiac vein, with regard to its drainage point and its relationships with the left coronary artery. This could be highly relevant to clinicians planning procedures that require venous access.
Introduction
Anatomically, the venous vascularization of the heart involves 2 systems: the greater cardiac vascular system which is the major collecting system, and the smaller cardiac vascular system formed by the small cardiac veins (Thebesian veins) and draining directly into the cardiac chambers [1] . The main collecting system (draining approx. 70% of the myocardium) comprises the tributaries and nontributaries of the coronary sinus, nearly all of which drain into the right atrium. Alongside the great cardiac vein (GCV), which is the longest and largest of the heart veins, the tributaries of the coronary sinus are the oblique vein of the left atrium, the posterior vein of the left ventricle, the middle cardiac vein, the posterior interventricular vein, and the small cardiac vein. 
Case Report
A routine dissection of the cadaver of a 67-year-old male in the laboratory of the Department of Anatomy and Embryology revealed a very rare morphological variant of the GCV. The initial in situ dissection of the mediastinum was followed by that of the pericardium and greater vessels, which allowed for the removal of the heart from the thoracic cavity and subsequent examination. The isolation of the heart vessels revealed a GCV with unusual origin, course and, most notably, drainage point.
The GCV originated in the upper third of the anterior interventricular sulcus (AIVS) and followed an ascending course parallel and to the right of the anterior interventricular artery (AIA) (Fig. 1) . Just below its point of origin, the GCV crossed the AIA and took a lateral and posterior course; it then ran below the left marginal artery and the circumflex artery (CxA), right at the origin of the latter in the left coronary artery (LCA), before reaching the transverse pericardial sinus. Within this, it ran to the posterior side of the ascending portion of the aorta, finally opening into the left side of the superior vena cava (SVC), at its point of drainage into the right atrium (Fig. 2) . The coronary sinus was present in our case with no particularities.
Discussion
In this case, the GCV was much shorter and began in the upper third of the AIVS, a presentation we have not found in the literature. Studies show that, in most cases (58%), the vein originates close to the apex of the heart or in the lower third of the AIVS. In a smaller percentage (20%), it starts in the middle third of the AIVS [2] . The variability of the position of the GCV in relation to the AIA can cause difficulties when performing bypass procedures. In 2001, Gerber et al. [3] reported a presentation similar to that in our case in 12% of the studied cases. However, Ortale et al. [4] reported that, in 97% of cases, the GCV ran parallel and to the left of the AIA, so the 2 vessels did not intersect. In our case, on its course in the coronary sulcus, the GCV related differently to the arterial branches: it crossed the AIA superficially, and the CxA deeply. In most cases (60-70%), the GCV crosses the branches of the LCA, lying superficially to the arteries [5] . The course of the GCV crossing the CxA deeply has been reported in 22% of cases [4] and in 27% of cases [2] . When lying deeply, the GCV can be compressed by a rigid artery, preventing the venous return of the blood. Most frequently, in the coronary sulcus, the GCV forms the basis of the Brocq and Mouchet's arteriovenous triangle, which it delimits by crossing the 2 branches of the LCA. In this triangle, the vein lies superficially in 61% of cases [2] . In our case, the GCV lay deep and was interposed between the AIA and the origin of the CxA.
The rare cases related to the GCV drainage reported in literature can be grouped into 3 variants: directly into the right atrium, into the left SVC or into the SVC (the latter with 2 subcases, i.e., presenting or lacking a coronary sinus). The first case of a GCV draining into the SVC was reported by Bergman et al. [6] in 1988. In 2006, Praveen [7] reported a case in which the GCV opened into the right atrium, separately from the coronary sinus. Through image-based methods, Olearczyk et al. [8] and Lee et al. [9] each revealed a case in which the GCV drained directly into the SVC.
Animal studies have revealed that the precursors of cardiac veins are angiogenic buddings developed in the venous sinus. They form a capillary plexus from which the cardiac veins develop [10] . This theory might explain the predominant drainage of superficial cardiac veins into the venous sinus, and through it into the right atrium. The embryonic venous system, initially a symmetrical structure, undergoes a series of changes during the development of the atria. During week 8, a large anastomosis is formed that drains the blood from the left anterior cardinal vein into the right vein that will become the left brachiocephalic vein. Based on this, we can state that there are 2 major vascular networks in the heart. The GCV arises from the network of angiogenic buddings in the walls of the coronary sinus. The other anastomosis network, located between the anterior cardinal veins, forms the left brachiocephalic vein, at the same time as the SVC is formed. The morphological variant presented in this case can be explained by the intertwining of the 2 venous networks. The perturbation of the anterior cardinal venous system may cause the deviation from the course of the GCV. Additionally, the interaction of the GCV vein with the cardinal anastomosis plexus may cause the loss of the connection with the coronary sinus and the drainage of the GCV directly into the SVC.
Conclusion
In recent years, the clinical importance of the cardiac venous system has increased with the development of cardiac surgical methods based on venous access. The relationships of the GCV with the branches of the LCA and their crossings are important as they can prevent venous return when the vein lies deep. The drainage of the GCV directly into the SVC, bypassing the coronary sinus, may cause difficulties in certain procedures. In retrograde cardioplegia it may prevent the diffusion of the solution into the area drained by the GCV, and in biventricular cardiac pacing it may cause difficulties for electrode insertion.
